Abstract Land surface albedo is an essential parameter in regional and global climate models, and it is markedly influenced by land cover change. Variations in the albedo can affect the surface radiation budget and further impact the global climate. In this study, the interannual variation of albedo from 2002 to 2016 was estimated on the global scale using Moderate Resolution Imaging Spectroradiometer (MODIS) datasets. The presence and causes of the albedo changes for each specific region were also explored. From 2002 to 2016, the MODIS-based albedo decreased globally, snow cover declined by 0.970 (percent per pixel), while the seasonally integrated normalized difference vegetation index increased by 0.175. Some obvious increases in the albedo were detected in Central Asia, northeastern China, parts of the boreal forest in Canada, and the temperate steppe in North America. In contrast, noticeable decreases in the albedo were found in the Siberian tundra, Europe, southeastern Australia, and northeastern regions of North America. In the Northern Hemisphere, the greening trend at high latitudes made more contribution to the decline in the albedo. However, the dramatic fluctuation of snow-cover at midlatitudes predominated in the change of albedo. Our analysis can help to understand the roles that vegetation and snow cover play in the variation of albedo on global and regional scales.
Introduction
Land surface albedo is defined as the ratio of the reflected to the incident solar radiation upon the Earth's surface and is one of the most significant climate variables (Schaaf et al., 2008) , due to its role of regulating Earth's energy budget Liang et al., 2013) . Albedo is highly variable both spatially and temporally. Changes in the albedo can be attributed to variations in surface structures as well as the solar radiation that the land surface receives. However, albedo depends on numerous interrelated factors, such as snow cover, vegetation, soil moisture, and solar zenith angle (SZA) He, Liang, & Song, 2015; Loarie et al., 2011; Wielicki et al., 2005) . For example, forests have a low albedo compared to other vegetation types due to their high canopy thickness and the shading effect (Jin et al., 2002) . Under snow cover conditions, however, conifers often have higher albedo than broadleaf forests because intercepted snow covers the foliage . Albedo also depends on the spectral and angular distributions of the incident light. However, rougher surfaces are less sensitive to SZA because their shadows will increase with the increasing SZA, which results in less diurnal variations (Dickinson, 1983) . Ghimire et al. (2014) found an increase of around 0.001 in global albedo associated with land cover change from 1700 to 2005. And that caused top-of-atmosphere radiative cooling of around À0.15 W m
À2
. Zhang et al. (2010) estimated global albedo from multiple datasets for the period of [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . Their results showed that albedo decreased by 0.01 in the Northern Hemisphere, while it increased by 0.01 in Southern Hemisphere. Davin and de Noblet-Ducoudré (2010) simulated global surface albedo since the preindustrial era using a coupled GCM. They found an increasing albedo owing to the deforestation that lowered the global temperature by À1.36 K.
Snow cover has a substantial influence on the land surface albedo, since it is highly reflective. Both the location (i.e., on or below winter canopies) and the condition (i.e., snow age, type, state, and contamination, among others) of snow can considerably alter the land surface albedo (Moody et al., 2007) . Changing snow cover extent can largely vary the surface albedo since albedo of snow is much higher than that of other land cover types. The Fourth Assessment of the Intergovernmental Panel on Climate Change attributed the strength of snow-albedo feedback to the decreasing albedo due to the loss of snow cover rather than snow metamorphism (Qu & Hall, 2007) . In addition, the strong positive feedback of snow (Betts & Ball, 1997; Bonan, LI ET AL.
124 Iii, & Thompson, 1995; Viterbo & Betts, 1999) makes it more necessary to study the correlation between the variation of albedo and snow cover. The fluctuation in snow cover extent resulted from anthropogenic warming has been studied from both observation (Kintisch, 2017) and simulation (Bintanja & Krikken, 2016) recently; warming in the Arctic (Bintanja & Krikken, 2016 ) is expected to bring about substantial melting of snow and ice. Yang et al. (2001) demonstrated that the snow-albedo feedback can increase surface climate anomalies related to the El Niño-Southern Oscillation in North America.
The change in vegetation associated with land cover change is another important factor that impacts albedo values . Sturm (2005) were probably the first researchers to document a tremendous energy balance alteration within the tundra as a consequence of vegetation change. Many studies (Bonan, 1997; Brovkin et al., 2006; Govindasamy, Duffy, & Caldeira, 2001 ) revealed that historical midlatitude deforestation may have cooled down the Northern Hemisphere because of the associated enhancing albedo. Due to the notable absorptance in the photosynthetically active radiation zone of the solar spectrum, an enhancement in the normalized difference vegetation index (NDVI) is generally expected a decline in the albedo (Bounoua et al., 2000) . Moreover, decreasing albedo triggers a positive radiative forcing on the climate, which can offset the negative forcing caused by carbon sequestration (Betts, 2000) . When albedo decreases because of the increase of vegetation, the augmenting surface net radiation can later heat in the atmosphere, finally lead to a more warming climate and boost the growth of vegetation (Chapin 3rd et al., 2005) . Hence, deforestation/afforestation is expected to be followed by an increase/decrease albedo, respectively, ultimately leading to a more intense browning/greening trend of forest (Betts, 2000) .
Compared to modeled albedo, satellite remote sensing is a more effective way to obtain global albedo values in a continuous spatial and temporal way because of less limitations and uncertainties (Liang, 2007) . At present, the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite albedos have a lengthy time span, and this continuity can facilitate the reconstruction of a historical background of global albedo trends (Planque, Carrer, & Roujean, 2017) . Also, massive validations have been performed in MODIS albedo products and MODIS albedo has been widely used as a benchmark for assessing other satellite albedo products . Therefore, in this study, MODIS datasets were used to conduct a time series analysis to estimate the variation trend of global albedo during the period of 2002-2016. We aimed to investigate the occurrence and associated reasons for variations in the surface albedo. To achieve this goal, trends and correlations of MODIS albedo, snow cover, and vegetation over the past 15 years were evaluated. Furthermore, differences in regional-scale albedo were examined.
Materials and Methods

Satellite Data
The MODIS datasets employed in this study provide multiresolution spatial and temporal continuous data on the global scale. The data have been evaluated globally to ensure that its accuracy can meet the needs of an analysis of spatiotemporal climate change (Zhai et al., 2014) . MODIS albedo and NDVI data were obtained from the Land Processes Distributed Active Archive Center (LP DAAC) managed by the NASA Earth Science Data and Information System project. In addition, the snow cover product was obtained from the NASA National Snow and Ice Data Center. All the data are in a geographic latitude/longitude projection at 0.05°s patial resolution.
Albedo
The MODIS shortwave black-sky albedo (α bs ) and white-sky albedo (α ws ) products were extracted from MCD43C3 Collection 6 datasets, which were produced daily with a 16 day accumulation window at a 0.05°s patial resolution combinations. The data range from January 2002 to December 2016. Albedo was calculated as follows:
where s is the fraction of solar radiation that is diffuse. Several factors, including aerosol distribution and cloud cover, can influence the fraction of diffuse skylight . In this study, the diffuse skylight ratio was derived using the monthly diffuse and direct downward radiation data from National Centers for Environmental Prediction (NCEP) reanalysis (Kalnay et al., 1996; He et al., 2015) . The monthly diffuse skylight ratio was downscaled to 1°latitude × 1°longitude to fit the resolution of MODIS datasets. A quality assurance standard (NASA Land Processes Distributed Active Archive Center, 2016) was used to identify whether the albedo is characteristic of snow cover or is snow-free.
NDVI
The MODIS/Terra monthly NDVI product (MOD13C2, Collection 6) is based on cloud-free spatial composites of 16 day, 1 kilometer NDVI data. Data between January 2002 and December 2016 were used. Pixel reliability data were applied to determine the snow cover percentages.
Seasonally integrated normalized difference vegetation index (SINDVI) was used to characterize the global range of vegetation states and processes. The SINDVI is described by each pixel's sum of NDVI values when the NDVI exceeds a threshold value (commonly defined as NDVI > 0.1) (Stow et al., 2003) . In this study, only the grid cells with greater than 0.1 were used in order to eliminate the influence of bare and sparsely vegetated regions (Piao et al., 2006; Zhou et al., 2001) as well as to determine the growing season .
Snow Cover
The snow cover dataset (MOD10CM, Collection 6) was extracted from January 2002 to December 2016 to retrieve the variation trend in the snow cover. The unit of the data is percent per pixel. The product lacks data for the Antarctic. Therefore, an analysis of the Antarctic is absent in this research. 
Statistical Analysis
For time series and correlation analysis, the annual values of albedo and snow cover were estimated by averaging the intra-annual data. For determining annual vegetation, the sum of NDVI (SINDVI) was used when there exists a growing season (NDVI > 0.1).
Time Series Analysis
The slopes and ranges of the MODIS albedo, SINDVI, and snow cover were calculated respectively to estimate their variation trends during the period of 2002-2016. The changing rates were derived from the interannual variability of albedo, SINDVI, and snow cover, respectively (Stow et al., 2003) . Ordinary least squares methods in the linear regression were used:
where n is the length of the time series that was studied; i is the number of year, i = 1,2, … , n, in this paper, n = 15; and A i means albedo, SINDVI, or snow cover in the ith year. When the slope values near 0, it means no significant changes in the trend. Slope > 0 indicates an increasing trend, while slope < 0 means a decreasing trend (Chen et al., 2010) .
Subsequently, the ranges of variation (the total change between 2002 and 2016) in albedo, SINDVI, or snow cover were calculated:
where n is the length of the time series.
Correlation and Partial Correlation
Pearson's correlation coefficients (r) were calculated between the SINDVI, snow cover, and albedo to determine their correlations on each pixel.
The correlation coefficient between X and Y is explained in equation (4), where X i and Y i are the values of the ith year and X and Y are the average values of all years.
In addition, the partial correlation was estimated in this study. Here the partial correlation coefficient (r YZ Á X ) was used to draw a closer link between albedo and the other two factors (SINDVI and snow cover). By calculating the partial correlation coefficient, the interaction between SINDVI and snow cover can, to some extent, be suppressed and eliminated. It means that when measuring the degree of correlation between albedo and SINDVI, the effect of snow cover can be removed:
where r YZ Á X represents the partial correlation coefficient between Y and Z without consideration of the impact of X and r ij is the simple correlation coefficient between variables i and j. Through a comparison between the partial coefficients, we prioritized the dominant factor of each pixel.
For all correlation calculations, Student's t test was applied to assess statistical significance.
Reconstruct NDVI Data
A simple but efficient method based on a mean-value iteration filter is applied to reduce the noise and fill the gap of the monthly NDVI time series data (Ma & Veroustraete, 2006) . This method has been proven to be more effective with comparison to other methods, commonly used as a reconstruction approach (Lovell & Graetz, 2001; Verhoef, Menenti, & Azzali, 1996) . For each pixel, the multiyear average NDVI (ANDVI) was calculated to replace the no-data pixels for the same month. Then Δ i was estimated as follows:
where i indicates ith observation of the monthly NDVI (i varies from 1 to 180 for the 15 years). When Δ i is greater than a threshold value, NDVI i is replaced by (NDVI i À 1 + NDVI i + 1 )/2. The threshold value (Δ T ) can
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be set as a small percentage of the multiyear ANDVI for each pixel. Finally, the iteration ends when all the Δ i are less than Δ T .
Deseasoned Anomalies
The seasonal cycle was removed by subtracting the average value for the same month over years as follows (Irwin & Oliver, 2009; Zhang et al., 2010) :
where Δα(yy, mm) is the deseasoned albedo for year yy and month mm, α(yy, mm) is the monthly albedo in year "yy" and month "mm," and α mm ð Þis the average albedo over 15 years for month "mm."
Experimental Design
The objectives of this research were to study the existences and causes of annual surface albedo, snow cover, and SINDVI's global trends from 2002 to 2016; to evaluate their correlations; and to explore the reasons for the variation of albedo in several significant regions.
For each pixel, the slope over the past 15 years was calculated using equation (2). Once the slopes were identified, the range of their changes was estimated following equation (3). A greater range indicates a more dramatic variation.
The zonal albedo can demonstrate a latitudinal distribution and represent the differences among different latitudinal bands. However, it is important to take the area weights into consideration when estimating the zonal value, since the outcomes derived from employing or excluding area weights are substantially different ). An overestimation of approximately 0.05 can arise for the global land shortwave albedo if area weights are not considered . The area weights were defined as the cosine of the medial latitude of each grid to extract the approximate area-weighted albedo, SINDVI, and snow cover. This method was conducted rather than transforming all the data into a sinusoidal projection, which is a pseudo-cylindrical equal-area map projection .
The MODIS albedo values, which were projected onto the nonequal-area map, were multiplied by the area weights to estimate the actual albedo values. Then, the zonal albedo of a specific area can be calculated from dividing the sum of the albedo by the sum of the area.
In addition, the correlation coefficients and partial correlation coefficients were analyzed using software SPSS 11.0 (SPSS Inc, Chicago, IL, USA) as described in equations (4) and (5) to explore how the variation of snow cover and vegetation can explain the changing albedo. The absolute values of two partial correlations, namely, the partial correlations between albedo and snow cover and between albedo and SINDVI, were compared for each pixel. The maximum coefficient was set as the primary factor that made the largest contribution to the variation of albedo (Figure 4 ).
Results
Variation Trends
The interannual variations of the albedo, SINDVI, and snow cover are shown in Figures 2a-2c . The proportion of the total increased (gray) and decreased (black) areas is shown in the underpinned inset pie chart, which can assist in comparing the percentages of increase and decrease.
Obvious increases of albedo occurred widely throughout the midlatitude and northeastern Canada. In general, 51.7% of global area experienced an upward trend of the albedo, as implied in the pie chart (Figure 2a) . In Central Asia, a noticeable increment of 0.040 in the albedo was found. However, decreasing albedo was detected within most of the latitude bands. For example, albedo decreased by 0.013 in the higher latitudes of the Northern Hemisphere. However, there is no significant fluctuation of the albedo within the lower latitudes and in the southern hemisphere.
The SINDVI demonstrated a greening trend worldwide (Figure 2b) , with 69.3% of the area showing an upward trend, as presented in the pie chart. Nevertheless, dramatic browning trends appeared in eastern Brazil, Argentina, northwest Canada, east coast of Africa, western Australia, and central Asia. As for the variation of snow cover extent, differences were observed among different latitudinal bands. In the Northern Hemisphere, the midlatitudes changed intensely with an average decline of 1.064. However, the higher (Table 1) . Slightly more than half of the global area (54.1%) displayed a declining tendency in the snow cover, which could result from global climate warming.
Correlations With SINDVI and Snow Cover
To quantify the spatial correlation coefficients between SINDVI, snow cover, and albedo, the correlation coefficients of all grid cell were calculated (Figure 3 ). Strong positive correlations between albedo and snow cover were compromised by small area and that was found in midlatitudes in Northern Hemisphere and in the Andes in South America (Figure 3a) . However, negative correlation appeared in few areas in tundra in the North Hemisphere.
There was negative correlation between albedo and SINDVI in most parts of the world except for the southeast of China, east coast of Australia, and southern Brazil where there was positive correlation. This positive correlation is different from previous knowledge. In those areas, factors other than vegetation must play a more dominant role for the change of albedo. In southeast China, the albedo product may not be perfectly convincing since a high aerosol optical depth may contaminate the observation, because insufficient clearsky observation will result in the use of backup magnitude inversion instead of full inversion in MODIS albedo product. Magnitude inversion has lower quality that will reduce the accuracy of retrieved albedo (Jin, 2003) . For MODIS NDVI, the backup approach maximum value composite (MVC) will be used when lacking of good quality observation. MVC tends to overestimate the NDVI value because the chosen maximum NDVI is not always the nadir-value (Huete et al., 2002) . Thus, the less accuracy albedo and NDVI will together affect their correlation.
The partial correlation coefficients were calculated to estimate the dominant factor for each pixel using the method presented in section 2.4. A clear distribution of the dominant factor displays in Figure 4 , wherein 36% of the area is significant (p < 0.05).
The locations where snow cover contributed more to the variation of albedo were situated in areas where snow cover changed markedly (Figures 2c and 4) . In the midlatitudes, snow cover extent diminished greatly in Europe, Asia, and the coast of North America, while it increased markedly in central North America, northeastern China, and southern East European Plain. In those regions, snow cover is the primary factor influencing the variation of albedo over the period of 2002-2016. Because of the ongoing climate warming, the midlatitudes, unlike the higher latitudes where snow cover is persistent for the majority of the year, were experiencing a fluctuation in snow cover, which can dramatically change the land surface along with albedo.
At higher latitudes, the change in vegetation contributed more to the variation of albedo in the majority of the land. In these areas, the occurrence of a greening trend (Figure 2b ) implied a warming climate. In addition, the increase in vegetation led to a decrease in the albedo.
The correlations between SINDVI, snow cover, and albedo were plotted onto a latitudinal pattern ( Figure 5 ). It is evident that snow cover had a positive correlation with the albedo, while vegetation had a negative correlation with the albedo. In the midlatitudes in Northern Hemisphere, strong negative correlations occurred between SINDVI 
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and albedo. On the contrary, due to the relatively stable surface condition around the tropical regions, there is poor relation between SINDVI and albedo.
Latitudinal Variation
The plots in Figure 6 demonstrate the range of the albedo (Figure 6a ), SINDVI (Figure 6b ), and snow cover (Figure 6c ) for latitudinal bins of 5°. The average latitudinal values featuring the area-weight were calculated. The albedo from 2002 to 2016 varied little in latitudinal pattern since the most significant change in albedo is within ±0.05. In tropics, the albedo varied slightly. As for the albedo in the high latitudes, there is an obvious decreasing trend in the Northern Hemisphere while an increasing trend in the Southern Hemisphere (Figure 6a ).
The trend in the SINDVI is demonstrated in Figure 6b . The vegetation in the low latitudes diminished during the period of 2002-2016, due to rainforest deforestation (Khanna et al., 2017) . In contrast, vegetation in the Northern Hemisphere expanded greatly, and a similar expansion appeared at latitudes 15°S-30°S. Meanwhile, at higher latitudes in the Southern Hemisphere, vegetation seemed to vary dynamically. Figure 6c illustrates a noticeable decline in snow cover globally. Around 50°N, the extent of snow cover expanded slightly. However, in the midlatitudes of the Northern Hemisphere, snow cover decreased dramatically and reached its peak at 38°N with a rate of 2.4% per pixel.
Deseasoned Anomalies
In the high latitudes in Northern Hemisphere, the deseasoned albedo showed slight decrease of 0.004 from 2002 to 2016 (Figure 7a ). However, opposite trend appeared in midlatitudes (Figure 7b ) with an increase of 0.0009. The same pattern of SINDVI appeared in midlatitude and high latitude. But SINDVI increased more obviously in midlatitude (0.018) than in high latitude (0.007). Besides, snow cover retreated in both midlatitude and high latitude. Since a greater extent of warming appeared in high latitudes, snow cover anomalies 
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decreased more intensely in high latitude (1.933) than in midlatitude (1.414). However, different from the nondeseasoned data, snow cover declined more obviously in midaltitude (Table 1) .
The declining albedo in high latitude increased the stay of more solar energy on Earth, thus enhanced the warming. In midlatitudes, the increase of albedo was mainly contributed by the pronounced increase of snow cover in Central Asia, northeastern China, and central North America. However, in general, climate warming happened in midlatitude and high latitude in the Northern Hemisphere where the snow cover decreased while SINDVI increased.
Zonal Albedo
The latitudinal albedo values were summarized by separating the zones according to latitude. The latitudinal bands were divided according to zones labeled as high latitude, midlatitude, and low latitude. The range of albedo, SINDVI, and snow cover are presented in Table 1 . The global albedo declined slightly by 0.0004 over the past 15 years. The most significant decrease of surface albedo lied in the high latitudes. Meanwhile, SINDVI increased globally, indicating an expansion of vegetation all over the world. While for the latitude 10°-30°S, SINDVI increased marginally by 0.057. For snow cover, a decreasing trend appeared from 2002 to 2016, especially in the 30°-60°N latitudes where snow cover decreased by 1.1% per pixel.
Discussion
The time series analysis of the interannual average albedo demonstrates a decreasing trend in high latitudes while increasing trend in midlatitudes over the recent years (Table 1 and Figure 7 ). However, a notable difference in the spatial and temporal patterns has been found around the world (Figure 2a) . The albedo increased in Central Asia, especially the steppe and prairie regions, the steppe and temperate broadleaf forests in northeastern China, parts of the boreal forest in Canada, northwest Canada, the temperate steppe in North America, and eastern Siberia. Meanwhile, a decreasing trend of albedo occurred over the Siberian tundra, Europe, southeastern Australia (where most of the regions are temperate steppes), and northern North America. With regard to Greenland, the albedo increased along the east border. Despite of some increases, the albedo declined by 0.0004 on a global scale (Table 1) , which indicates more solar radiative energy remained on the ground and that may make a positive contribution to global warming. (Table 2 ). 
. Central Asia
The albedo of Central Asia ascended dramatically by 0.025 over the past 15 years. This significant increase was observed in a wide stretch of land in Central Asia (Figure 2a) . The severe deforestation (Figure 2b ) in this area was the main reason for the increase in albedo, which is illustrated by the partial correlation coefficient matrix (Figure 4) . A warmer climate is expected to appear in the summertime, and aridity has increased over the entire region (Lioubimtseva & Henebry, 2009) , which is also retrieved from the MODIS satellite data. This extreme weather brought about the downward trend in SINDVI (Figure 8) . Meanwhile, the lower temperature during the winter (Lioubimtseva & Henebry, 2009 ) was related to the increase in snow cover (Figure 8b ). This change in climate coincided with a decline in SINDVI in the summertime and an increase in snow cover during the winter. Eventually, their effects resulted in an increase in the albedo.
To further investigate the evolution of albedo, SINDVI, and snow cover extent from 2002 to 2016, a typical grassland within Central Asia (Figure 8b ) was chosen to perform the time series regression. Figure 8b shows the regression slope of albedo is +0.007 (R 2 = 0.6088). What is more, SINDVI decreased noticeably (R 2 = 0.4643) while snow cover increased markedly (R 2 = 0.429).
North America
Pronounced increase in albedo was detected in the central and northwestern North America. In these areas, the variation of snow cover extent acted as the dominant factor that affected the albedo (Figure 4 ). The cooling winter especially in 2009/2010, 2010/2011, and 2013/2014 in midwest North America drew more attention to public and studies (Palmer, 2014; Yu & Zhang, 2015) because it was contradictory to anthropogenic warming. The previous research (Sigmond & Fyfe, 2016) attributed the cooling in northwest North America to the climate fluctuations especially the strengthen trade wind associated with increasing surface air temperature in the tropical Pacific and cooling in central North America to local intensified sea level pressure. Both the remote and local fluctuations led to cold temperatures and snow storms that increased the snow cover, which was also retrieved from MODIS data.
We looked into the cropland in the central North America and found two maximum values of snow cover in 2009/2010 (84.1% per pixel) and 2013/2014 (80.2% per pixel) (Figure 8d ). Figure 8d displays a positive trend of snow cover in the early 21st century. Besides, albedo increased from 0.23 to 0.27 and a similar annual fluctuations were found for albedo and snow cover.
China
The positive correlation between albedo and SINDVI ( Figure 3b ) in southeastern China and Sichuan Basin was different from the general expectation that an increase in vegetation would accompany by a decrease in albedo. The variation of SINDVI (Figure 2b ) demonstrated a wide range of greening in China (Lai et al., 2016) . The greening has also been recorded by Xiao, Zhou, and Zhang (2015) . They found the increasing air temperature explained most of the increase trend of NDVI. In addition, human activities have accelerated the greening. A mix forest area located in Sichuan Basin showed a steady increase in SINDVI with the slope of 0.09 in the period of 2002-2016 (R 2 = 0.8858) (Figure 8e ). However, albedo increased from 0.104 to 0.115 in the meantime. Furthermore, the negative correlation between albedo and snow cover was also rare.
We attributed this unusual phenomenon to MODIS albedo contamination by aerosol. The dramatic increasing particulate matter 2.5 (PM 2.5 ) was observed from different satellite data in China. For example, the southeast China and Sichuan Basin suffered the PM 2.5 pollution (Geng et al., 2015; Peng et al., 2016) . The high aerosol optical depth in China resulted from air pollution tends to reduce the number of clearsky observations from satellite . In that case, the albedo products contain some sources of error and the accuracy of the result was compromised. Thus, retrieving more accurate albedo becomes a critical issue in those areas.
In southeast China, air temperature continued to increase since last century (Ji et al., 2014) . Precipitation has also increased while soil moisture content decreased (Trenberth, 2011) . The sufficient precipitation and high temperature contributed to the increase of SINDVI. However, the soil moisture content has decreased and this can lead to the increase of albedo in the area.
Significant Decreases in Albedo 4.2.1. Arctic
Albedo decreased widely across the northern Eurasian continent (Figure 8c) . A similar dramatic decrease in the latitudinal pattern was shown in Figure 6a . Meanwhile, a greening trend was detected by regression Figure 8c ) and can been seen from the latitudinal plot (Figure 6b ). The greening within the Arctic and the observed decrease in snow cover together contributed to the decreasing albedo (Figure 4) . Recent studies demonstrated that the substantial melting in the Arctic happened due to the warming climate (Bintanja & Krikken, 2016; Blok et al., 2011; Kintisch, 2017; Lutz et al., 2016) . Kintisch (2017) shows that not only the rising temperature but also the pigment produced by microbes and algae on the surface water boost the melting. The same decreasing snow cover was found in Arctic taiga (Figure 8c) where the regression slope of snow cover extent is À0.515 (R 2 = 0.2387). The melting snow exposed to the underneath plant, and what is more, the higher temperature in Arctic accelerated the grow rate of plant, causing the increase in SINDVI.
Furthermore, the declined in snow and ice together with the augmented vegetation reveal a less reflective surface. Thus, the land surface absorbs more solar radiation and this enhances the initial perturbation (Thackeray & Fletcher, 2016) .
Europe
A widespread decrease in albedo values was observed from MODIS data especially in Eastern Europe (Figure 2a ). In addition, greening occurred across Europe (Figure 2b ). The forest in Europe served as carbon sink that mitigated some impacts of climate change (United Nations Economic Committee for Europe, 2011). A pronounced decrease in snow cover was observed in Central Europe (Figure 2c ). The correlations illustrate that the variation of albedo was shaped by decreasing snow cover and increasing vegetation. However, the dramatic decrease of snow cover by 1.659 made more contribution to the decline in albedo (Figure 4 ).
The upward trend of downward surface solar radiation in Europe (Sanchez-Lorenzo et al., 2017) leaded to climate warming and the shrinking of snow cover. The increasing warming has been detected since last century (Ji et al., 2014) . Besides, recent controversial studies (Naudts et al., 2016) concluded that additional trees in Europe have been contributing to a warming planet because of the wood extraction and tree species change (choosing conifers over broadleaved varieties). That point of view may somewhat explain the decrease in snow cover over Europe where greening trend occurred. Figure 2 displays a marked decrease in albedo and increase in SINDVI in southeast Australia. Especially, the prominent declined in albedo by 0.118 from 2009 to 2011 was synchronous with a rapid enhancement in SINDVI (Figure 8f ). The sudden rise of SINDVI was due to a strong La Niña event in early 2010, which resulted in incredibly high precipitation and large-scale flooding to the southeast Australia (van Dijk et al., 2013) . From 1997 to 2009, southeast Australia suffered the driest period called the Millennium Drought (Aghakouchak et al., 2014) . In this dry period, albedo maintained high with the average of 0.295 in the open shrub study area (Figure 8f ). Grassland and desert are the dominant land cover in southeast Australia. In those areas, albedo is highly correlated with the vegetation. The increase in albedo will lead to less shortwave net radiation that eventually decreases the precipitation and dries the Earth. Finally, it forces the albedo to increase.
Australia
Limitations and Future Research
In the current study, snow cover and vegetation index are the factors were considered and estimated for the trend of albedo. However, the other parameters such as temperature, precipitation, and soil moisture (Guan et al., 2009) can also be important to influence the change of albedo. Unfortunately, due to the limitation of reliable high-resolution data on the global scale, the changes of these parameters have not been studied in the current research. However, we recognize the potential importance of other parameters. In the future studies, including of more parameters will clearly increase our understanding of the change of albedo.
Conclusions
In many areas, albedo and snow cover decreased but vegetation increased during the period of 2002 to 2016. From a global scale, MODIS albedo decreased by 0.0004 during the early 21st century. However, in Northern Hemisphere, albedo increased by 0.0009 in midlatitudes while decreased by 0.004 in high latitudes. The midlatitudes showed a characteristic variability for both albedo and snow cover, wherein the dramatic fluctuation of snow cover predominated the change of albedo. These areas included North America and Eastern Europe. Meanwhile, in Central Asia, widespread browning of vegetation made more contribution to the enhanced albedo.
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Because snow cover considerably affects surface albedo, it is necessary to conduct further research to differentiate snow-covered and snow-free conditions. This will permit a better understanding of the impact of snow cover with respect to albedo variations. Snow-free albedo is also crucial for land surface models to evaluate the exchange of energy, among other things.
